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P. Swarajya Lakshmi* & T. Pullaiah* : A contribution 
to the embryology of Erigeron karwinskianus 
var. mucronatus 

P. S. y ?'> x. z * • T. y° y •'f 7 * : Erigeron karwinskianus, 
var. mucronatus 

Embryological studies in the tribe Astereae are quite extensive and these 
have been reviewed by Harling (1951) and Pullaiah (1978, 1984). A perusal of 
the literature reveals that the embryology of Erigeron karwinskianus DC. var. 
mucronatus DC. was studied earlier by Carano (1921), Fagerlind (1974) and 
Battaglia (1950). However, their studies are confined to the female gametophyte 
development only. Hence, the present study was undertaken to know the 
complete life history of Erigeron karwinskianus var. mucronatus. 

Material and methods The material was collected by Dr. T. Pullaiah from 
Nilgiris in Tamil Nadu. Flowers heads of various sizes were fixed in formalin- 
acetic-alcohol (F. A. A.). Usual methods of dehydration, embedding and section¬ 
ing were followed. The sections cut at a thickness of 4-8 were stained in 
Delafield’s haematoxylin. Voucher specimen no. 3097 was deposited in the 
Herbarium of Sri Krishnadevaraya University. 

Observations Microsporangium, microsporogenesis and male gametophyte. 
The anthers are four-lobed (Fig. IF). In each lobe, 4 or 5 archesporial cells 
get diffetentiated hypodermally (Fig. 1A). These cells by undergoing periclinal 
division produce primary parietal layer towards epidermis and primary sporo- 
genous cells towards inside (Fig. IB). The primary parietal layer again 
undergoes another periclinal division giving rise to an inner tapetum and outer 
parietal layer (Fig. 1C). The latter again divides periclinally forming hypo- 
dermal layer below the epidermis and a middle layer above the tapetum (Fig. 
ID, E, G) thus resulting in Dicotyledonous type of anther wall development 
(Davis 1966). 

The epidermal cells undergo only anticlinical divisions to cope up with the 
expanding anther. The hypodermal layer develops fibrous thicknings at the 

* Department of Botany, Sri Krishnadevaraya University, Anantapur 515 003 A. P., India. 


— 6 



Fig. 1. Erigeron karwinskianus var. mucronatus. A-E. Longitudinal sections of parts of anther 
lobes showing development of wall layers. F. Transverse section of part of tetrasporangiate 
anther. G. Transverse section of part of anther lobe enlarged from Fig. F. H. Longitudinal 
section of part of anther lobe showing periplasmodial tapetum. I. Anther tapetal cells. J-R. 
Pollen mother cells in meiotic division. S-U. Tetrahedral, decussate and isobilateral micro¬ 
spore tetrads respectively. V-W. Uni-nucleate pollen grains. X-Y. Mature pollen grains. 
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time of formation of mature pollen grains and the middle layer is ephemeral. 
Tapetal cells undergo nuclear divisions and fusions resulting in multinucleate 
and polyploid anther tapetal cells (Fig. II). 

The tapetum is of the amoeboid type. At about the time of formation of 
one-nucleate pollen grains, the walls of the tapetum break down and the cyto¬ 
plasm (Fig. 1H) finally coalesces in the centre forming periplasmodium. The 
tapetum is completely absorbed by the developing pollen grains. 

The primary sporogeneous cells undergo transverse and vertical divisions 
forming two rows of pollen mother cells (Fig. IE). The pollen mother cells 
round off and undergo meiosis followed by simultaneous cytokinesis (Fig. 1J-R) 
resulting in tetrahedral, decussate and isobilateral microspore tetrads (Fig. 1S- 
U). The microspores after separation from the tetrad, enlarge and develop 
thick exine (Fig. IV, W). Pollen grains at the time of anthesis are 3-celled 
with three germ pores (Fig. 1Y). Pollen grains with four germ pores are also 
met with (Fig. IX). Two types of micro sterile pollen grains also occur. One 
of them is with a small nucleus while the other is without any contents (Fig. 
1Z, Z'). Though the former increases in size, its nucleus degenerates (Fig. 
1Z") and thus both types of pollen grains become sterile. These sterile pollen 
grains constitute about 15% of the total pollen grains. 

Ovary and ovule. The ovary is inferior, bicarpellary, syncarpous and uni¬ 
locular with a single basal anatropous, unitegmic and tenuinucellate ovule (Fig. 
2A, B). During megaspore tetrad formation, the inner epidermis of the integu¬ 
ment becomes differentiated as integumentary tapetum (Fig. 3B). This layer 
remains uniseriate with uninucleate cells throughout its further growth. 

Megasporogenesis and female gametophyte. The female archesporial cell is 
hypodermal and it directly functions as a megaspore mother cell (Fig. 2A). The 
female gametophyte may develop either in apomictic manner or in normal sexual 
manner according to Drusa type. 

When the embryo sac develops in normal sexual manner, the megaspore 
mother cell undergoes the usual meiotic divisions not accompanied by wall for¬ 
mation either at meiosis I or at meiosis II resulting in a coenomegaspore of four 
nuclei (Fig. 3A, B). The arrangements of the nuclei in a coenomegaspore may 
be either 1 + 2 + 1 or 1 + 3 manner (Fig. 3C, D). They undergo two mitotic 
divisions, but one or two chalazal nuclei fail to undergo divisions resulting in 
thirteen or ten nuclei. They organise into three-celled egg apparatus, two 
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nuclei fuse to form secondary nucleus while the rest of the nuclei are cut off 
as antipodal cells (Fig. 3E). This type of development according to Maheshwari 
(1950) is of the tetrasporic Drusa type. The synergids are hooked. The anti¬ 
podal cells may range from 3-7 (Fig. 3E-H) and are persistant up to the 
globular stage of the embryo (Fig. 4A-C). 



Fig. 2. Erigeron karwinskianus var. mucronatus. A. Ovules at megaspore mother cell and 
embryo sac stages respectively. C-D. Megaspore mother cell in meiosis I. E. Restitution 
nucleus. F. Meiosis II. G, H. 2-nucleate embryo sacs. I. 4-nucleate embryo sac. J, K. 
Young and mature embryo sacs respectively. 
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Apomixis. In 50% of the ovules, the development of embryo sacs follow 
Ixeris type of aneuspory. Here, the megaspore mother cell undergoes meiotic 
division in which meiosis I (heterotypic) is irregular and meiosis II (homotypic) 
is normal. During heterotypic division of the megaspore mother cell, pairing 
and formation of two separate groups of chromosomes is omitted. At anaphase, 
the chromosomes become enclosed in a common nuclear membrane forming a 
restitution nucleus (Fig. 2C-E). Thus heterotypic division ends with a restitu¬ 
tion nucleus. In homotypic division due to the suppression of cytokinesis, a 
binucleate gynospore results (Fig. 2F-H). The two nuclei later on take part 
in mitotic division resulting in an 8-nucleate embryo sac (Fig. 2J). The organi¬ 
sation of the egg apparatus, polar nuclei and antipodals is essentially similar 
to its normal sexual embryo sac but the egg apparatus is comparatively larger 
(Fig. 2K). The synergids are hooked and are persistent (Fig. 4D, E). The 
two polar nuclei fuse to form secondary nucleus which lies near the egg appa¬ 
ratus. The number of antipodals may increase from 3 to 4 only. This type of 
apomixis according to Battaglia (1963) is known as Ixeris type of aneuspory. 

Fertilization, endosperm and embryo. The embryo sacs which develop in 
normal sexual manner show fertilization and endosperm development (Fig. 31), 
whereas in the embryo sacs which develop in aneusporic manner fertilization 
is absent, the endosperm develops autonomously and embryo develops partheno- 
genetically (Fig. 4D, E). The entry of the pollen tube into the embryo sac is 
porogamous. 

Endosperm development is of the cellular type. The primary endosperm 
nucleus divides mitotically followed by wall formation resulting in four cells. 
Further divisions in these cells take place in all directions and a massive tissus 
is formed filling the entire embryo sac with cellular tissue (Fig. 4A-C). Endo¬ 
sperm is consumed completely by the developing embryo except for one or two 
layers. 

After undergoing a short period of rest, the zygote (or egg in aposporic 
embryo sac) divides transversely resulting in a proembryo of two cells ca and 
cb, the terminal and the basal cells respectively. The cell cb divides earlier 
than the cell ca resulting in a proembryo of three cells ca, m & ci (Fig. 5B). 
Later, the cell ca undergoes vertical divisions at right angles to one another 
resulting in the formation of quadrants q (Fig. 5C). The cell m divides verti¬ 
cally twice the walls being oriented at right angles to one another resulting in 
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quadrants (Fig.5D). The cell «' divides transversely giving rise to two super¬ 
posed cells n and n' (Fig.5D). The tier q undergoes diagonal divisions resulting 
in octants. The cell n' undergoes transverse division forming o and p (Fig. 
5E). The tier q gives rise to cotyledons and stem tip, m contributes to the 
hypocotyledonary region and plerome initials of root and n and o to the initials 
of root cortex, root cap and dermatogen. The cell p undergoes transverse 
division resulting in short suspensor. The embryo development thus follows 
the Senecio variation of Asterad type of Johansen (1950) and Grand period I, 
Megarchetype II, series A, sub series A 2 in the first embryonic group according 
th Soueges system (Crete 1963). 

Discussion The tapetum is of the amoeboid type in all the investigated 
species of Asteraceae including the present study. However, Snow (1945) and 
Anderson (1970) reported glandular tapetum in Chrysothamnus. Since the 
presence of periplasmodial tapetum is characteristic of the family Asteraceae 
(Pullaiah 1984), the observations of Snow (op. cit.) and Anderson (op. cit.) 
seem to be erroneous. 

The female archesporium is single-celled in Erigeron karwinskianus var. 
mucronatus as reported earlier by Carano (1921). More than one type of 
embryo sac development is reported in different species of the genus Erigeron 
(Harling 1951). Monosporic type occurs in E. bonariensis and E. canadensis, 
bisporic in E. coulteri, E. elatior, E. macranthus and E. unalaschkensis and 
tetrasporic in E. a?inuus, E. aureus, and E. divergens etc. In some species like 
E. elatior, E. pulchellus and E. simplex the female gametophyte development 
follows all the three, mono-, bi-, and tetrasporic types. Thus the genus Erigeron 
shows great diversity in the embryo sac development. Carano (1921) reported 
a tetrasportic type of female gametophyte development in Erigeron karwinski¬ 
anus var. mucronatus. The present study in the above taxon reveals that 
embryo sac development follows Drusa type. 

Erigeron karwinskianus var. mucronatus also shows apomictic type of 
embryo sac development. Carano (1921), Fagerlind (1947) and Battaglia (1950) 
reported Taraxacum, Ixeris and Rudbeckia types of aneuspory. In the present 
investigation the embryo sac development is in agreement with the above 
authors as far as the Ixeris type of anuespory is concerned. Other types of 
development are not met with. 

The increase in the number of antipodals is noted in the present study 


— 14 — 



July 1987 


Journ. Jap. Bot. Vol. 62 No. 7 


207 


which is in agreement with Carano (1921). Persistance of antipodal cells up 
to the globular embryo stage is observed in Erigeron bonariensis (Sharma & 
Murthy 1978) and E. canadensis (Rangaswamy & Pullaiah 1984). 

The tribe shows both nuclear and cellular types of endosperm development. 
The type of endosperm development varies in different species of Erigeron. 
The embryo development in E. karwinskianus var. mucronatus (present study) 
follows the Senecio variation of Asterad type as in other members of the family 
Asteraceae 
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Umezu : A form with red anthers of Parnassia palustris L. 
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Parnassia palustris L. var. multiseta Ledeb. f. rhodanthera H. Ohba et 
Umezu, f. nov. 

A typo antheris ante dehiscentam carmineis etiam saepe petalis dilutissime 
incarnatis bene differt. 

Nomina jap. Beni-shibe-umebatiso, nov. 

Typus. Japonia. Kyushu: praef. Oita, Orito oppidi Yabakei, alt. 260m 
(Takao Ono et Takayoshi Asakawa, 18 Oct. 1984, TI) 
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